2v1 


T= 


ka 


5 


O 


= 
© 
N 


V 


ax 


= 


ch 


International Immunopharmacology 31 (2016) 248-256 


Contents lists available at ScienceDirect 


International Immunopharmacology 


ASi 


ELSEVIER 


journal homepage: www.elsevier.com/locate/intimp 


A fully human monoclonal antibody targeting PD-L1 with potent 
anti-tumor activity 


® CrossMark 


Yan Luan», Dafei Chai ?, Jianjian Peng °, Shuli Ma°, Min Wang ?, Hui Ma °, Xiang Li?, Shilong Fu 3, 
Xiaolong Pan ?, Xiaoxiao Wang “, Songbing Qin “*, Ting Xu *4** 

* DingFu Biotarget Co. Ltd., Suzhou, Jiangsu 215125, PR China 

P Chinese Academy of Sciences Key Laboratory for Infection and Immunity, Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, PR China 


€ Department of Radiotherapy, The First Affiliated Hospital of Soochow University, Suzhou, Jiangsu 215006, PR China 
4 Alphamab Co. Ltd., Suzhou, Jiangsu 215125, PR China 


ARTICLE INFO ABSTRACT 


Background: Programmed cell death ligand-1 (PD-L1) with its receptor PD-1 pathway is overactivated in many 
tumors. Inhibiting the interaction of PD-L1 and PD-1 is an attractive strategy to restore tumor-specific T cell im- 
munity for tumor therapy. 

Methods: A fully human anti-PD-L1 monoclonal antibody (mAb) B60-55 was identified by yeast surface display. 
The affinity, specificity, activity, and efficacy of mAb B60-55 were investigated in vitro or in vivo. 

Results: mAb B60-55 (purity >99%) could bind to PD-L1 that is expressed on HEK293 cells with a dissociation con- 
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ee antibody stant of 0.2 nM, and specifically bind to human or cynomolgus macaque PD-L1 without a cross-reaction with mu- 
PD-L1 rine PD-L1. Moreover, mAb B60-55 is an antagonistic antibody, which can block PD-L1 binding to its receptors, 
B60-55 including PD-1 (PDCD1) and B7.1 (CD80). In vitro assays demonstrated the ability of mAb B60-55 to enhance 
Tumor T cell responses and cytokine production in the mixed lymphocyte reaction. In vivo studies showed that admin- 


Therapeutic agent istration of mAb B60-55 exhibited a potent antitumor activity toward tumor cell carcinoma xenograft, with a 


mean half-life of 177.9 h in cynomolgus monkeys. 
Conclusion: mAb B60-55 is a potential candidate for clinical development in cancer treatment. 


© 2016 Elsevier B.V. All rights reserved. 


1. Introduction 


Programmed death 1 (PD-1; CD279) is a member of CD28 family 
that is overexpressed by activated T cells, B cells, dendritic cells, macro- 
phages, and myeloid cells [1-4]. PD-1 encounters with its ligand pro- 
grammed cell death ligand-1 (PD-L1; B7-H1 or CD274), which is 
expressed by tumor cells and immune cells [5]. PD-L1 is a type I trans- 
membrane protein that is approximately 53 kDa, and it contains two ex- 
tracellular Ig domains, which include an N-terminal V-type domain 
followed by a C-type domain [6]. Studies demonstrated that PD-L1 ex- 
pression in tumor tissues can be used as an independent factor to eval- 
uate the prognosis of gastric carcinoma [5,7]. The PD-1/PD-L1 molecular 
pathway is a negative regulator of co-signaling pathway that functions 
as a cellular checkpoint to suppress inflammatory and immune re- 
sponses against cancer [8-10]. PD-1/PD-L1 functions through several al- 
ternative mechanisms, which include inducing the exhaustion of tumor 
infiltrating T lymphocytes, stimulating secretion of immune repressive 
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cytokines into the tumor microenvironment, stimulating repressive 
regulatory T cell function, and protecting PD-L1-expressing tumor 
cells from lysis by tumor cell specific cytotoxic T cells [11-13]. Modula- 
tion of the immune responses involved in immune-mediated disorders 
can be accomplished by manipulating the PD-1/PD-L1 pathway [14]. 
Therefore, inhibition of the interaction between PD-1 and PD-L1 can en- 
hance T-cell responses and mediate preclinical antitumor activity. 
PD-1/PD-L1 interaction is considered a negative regulator of T-cell 
effector mechanisms, and this interaction limits the immune responses 
against cancer [15,16]. Monoclonal antibodies (mAbs) that antagonize 
either PD-1 or PD-L1 are currently in various stages of development 
for cancer treatment, in which recent human trials showed promising 
results in advanced, treatment-refractory diseases [17,18]. Remarkable 
results observed in clinical trials made the US Food and Drug Adminis- 
tration approve the use of pembrolizumab and nivolumab (both anti- 
PD-1 antibodies) to treat advanced melanoma in late 2014 and to 
treat non-small cell lung carcinoma in 2015 [16]. Anti-PD-L1 mAbs, 
MEDI4736, and MPDL3280A are in the late-stage multicenter clinical 
trial studies for different types of advanced cancers, such as melanoma, 
non-small cell lung carcinoma, renal cell carcinoma, and ovarian cancer 
[19-21]. They have promoted durable tumor regression and prolonged 
stabilization of disease in patients [14]. Based on these observations, 
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anti-PD-L1 antibodies can be used therapeutically to enhance antitumor 
immune responses in cancer patients. 

Yeast surface display is a powerful tool for antibody screening and 
further improvement on affinity, specificity, and stability [22]. Antibod- 
ies of interest are expressed on yeast surface, and its protein properties, 
such as stability and affinity, can be quantitatively measured by using 
fluorescently labeled reagents and flow cytometry [23]. The method 
for isolation of novel antibodies against specific antigens from a non- 
immune human antibody library is well established. In the present 
study, we developed three novel fully human IgG1 anti-PD-L1 mAbs 
(BII61-62, B60-55, and B50-6) by yeast surface display. The mAb B60- 
55 exhibited specific binding to PD-L1 with a higher affinity than the 
other two mAbs. In addition, mAb B60-55 could enhance T cell activa- 
tion by blocking PD1 binding to PD-L1 and exhibited strong antitumor 
effects in preclinical models. Our study showed that B60-55 is a potent 
antagonist of PD-L1 with significant antitumor activity in mouse 
models, and it is a candidate for clinical trials. 


2. Materials and methods 
2.1, Animals 


Six- to eight-week-old female inbred C57BL/6 or NOD/SCID mice 
were obtained from the Experimental Animal Centre of Chinese Acade- 
my of Science (Shanghai, China) and housed in a specific pathogen-free 
room under controlled temperature and humidity. This study was per- 
formed in strict accordance with the recommendations provided in 
the Guide for the Care and Use of Medical Laboratory Animals (Ministry 
of Health, People's Republic of China, 1998). The protocols for mouse 
studies and pharmacokinetic (PK) study in cynomolgus monkey were 
approved by the local ethics committee. 


2.2. Cell lines and reagents 


Adherent human embryonic kidney HEK293 cells (Invitrogen 
R79007), murine colon cancer cell line MC38 (ATCC), and human mela- 
noma cell line A375 (ATCC, CRL-1619™), or A375 stable cell line highly 
expressing PD-L1 (prepared in house) were grown in DMEM medium 
supplemented with 10% (v/v) fetal bovine serum (FBS), 100 units/ml 
penicillin, and 100 ug/ml streptomycin (Gibco Invitrogen). HEK293 
cells that express human PD-L1 (hPD-L1 cells), human PD-1 (hPD-1 
cells), and murine PD-L1 (mPD-L1 cells) were generated in our labora- 
tory and maintained with RPMI 1640 culture medium containing 10% 
FBS, 100 units/ml penicillin, and 100 ug/ml streptomycin. Yeast strain 
EBY100 (GAL1-AGA1::URA3 ura3-52 trp1 leu21 his3200 pep4:HIS2 
prb11.6R can1 GAL) was maintained in YPD broth (Difco). 


2.3. Expression protein of hPD-L1 or hPD-1 


DNA encoding residues 19-238 (hPD-L1) and 21-170 (hPD-1) were 
fused to human Fc fragment by overlapping PCR. The overlapping PCR 
product were cloned into a pcDNA3.1 expression vector and used for 
transfection and protein expression. hPD-L1-Fc and hPD-1-Fc fusion 
proteins were secreted in the media by transfecting HEK293 cells as de- 
scribed elsewhere [24] and were purified by Protein A affinity chroma- 
tography (GE Healthcare). The homogeneity and purity of the protein 
preparations were verified by SDS-PAGE and SEC-HPLC. Protein concen- 
trations were measured by A280 assay. hPD-L1-Fc or hPD-1-Fc fusion 
protein was labeled with biotin by standard protocol. 


2.4. Library construction 


Total RNA was isolated from peripheral blood mononuclear cells 
(PBMCs) of 150 healthy donors and reverse transcribed into cDNA by 
using transcriptor first-strand cDNA synthesis kit (Thermo). The 
HulgG, HulgM, Hux forward, and Hud forward primers that were used 


for the gene-specific cDNA synthesis were based on Marks et al. [25]. 
The scFv yeast display vector pDFYD was generated from the vector 
pCT302 (Addgene). A BssHII cloning site was inserted at the 6029 bp 
site of the pCT302 by using the QuikChange Multi Site-Directed Muta- 
genesis Kit (Stratagene). 21-amino-acid linker (5’-CCATGGGGATCCGG 
TGGTGGTGGTTCTGGTGGTGGTGGTTCTGGTGGTGGTGGTICTGTCGAC- 
3’) was inserted at the 5603 bp site of the pCT302 by overlap PCR. The 
primers were based on the method previously described [26] with slight 
modifications. Certain sequences were added to the 5’ end of the for- 
ward primers and 5’ end of the reverse primers (5’-GCCGGCTAGC-3’ 
for VH forward primers), (5’-GCCGCCATGG-3’ for all VH reverse 
primers), (5’-GCCGGTCGAC-3’ for all forward VN and Vi primers), and 
(5’-GCCGGCGCGC-3’ for all reverse VN and Vi primers) to allow cloning 
into pDFYD vector. Kappa and lambda light-chain genes were gel puri- 
fied with the QlAquick Gel Extraction Kit (Qiagen), pooled in an equal 
ratio, digested with the restriction enzymes BssHII and Sall, and ligated 
into the vector pDFYD. After ethanolic precipitation, the ligation mix- 
ture was used to transform Escherichia coli strain by using Electro-Ten 
Blue (Stratagene). pDFYD plasmid DNA that contained the light-chain 
genes was isolated by using a Maxiprep kit (Qiagen) and digested 
with the restriction enzymes Nhel and Ncol for ligation of the heavy- 
chain genes. The libraries were then linearized with BssHII, ethanol pre- 
cipitated, and used to transform the yeast strain EBY100 by using the 
high-efficiency lithium acetate method. The size of the scFv libraries 
were approximately 1 x 108, which was estimated by standard plate 
count method. To increase antibody affinity, scFv sequence was ran- 
domly mutated by using error-prone PCR as previously described [27]. 
The error prone PCR products were ligated to pDFYD plasmid, and the 
library was constructed as described above. 


2.5. Screening of mAb anti-hPD-L1 


The yeast library with tenfold diversity was thawed, grown in SD- 
CAA media for 24 h at 30 °C, and then cultured in SG-CAA for 36 h at 
20 °C in volumes appropriate for the library size. Sequential magnetic 
bead enrichment and flow-cytometric sorting strategy were developed 
to isolate antigen-specific scFvs from the full library. One hundred 
nanomolars PD-L1-Biotin and SA-Beads were used for the first round 
of magnetic selection, and one-hundred nanomolars PD-L1-Biotin and 
anti-Biotin-Beads were used for the second round of selection. The fol- 
lowing two rounds of sorting were performed by using flow cytometry 
to sort out PD-L1 Fc antigen positive and myc positive cells, which indi- 
cate that complete antibody expression on yeast can bind target anti- 
gen. After the final round, yeasts were placed on SD-CAA plates and 
individual colonies were picked up for characterization. Thousands of 
single yeast colonies were screened by high throughput flow cytometry 
analysis, with PD-1-Fc-biotin protein as the negative control. 


2.6. Expression and purification of antibodies 


The scFv-coding genes from the identified yeast clone were over- 
lapped with human Fc and then cloned into expression vector 
pcDNA3.1 by using Nhel and NotI for scFv-Fc expression. To produce 
full length mAbs, the VH gene were cloned from the identified yeast 
clone and overlapped with the human IgG1 C-region gene containing 
three mutations to get rid of ADCC and CDC function. The VL genes 
were cloned from the identified yeast clone and overlapped with the 
human kappa or lambda C-region gene. The overlapped fragments 
were further cloned into pcDNA3.1 vector by using Nhel and Not! 
separately. 

The scFv-Fc fusion protein or fully mAb IgG protein were secreted in 
the media by transfected HEK293 cells as described previously, and pu- 
rified by Protein A affinity chromatography (GE Healthcare). The homo- 
geneity and purity of the protein preparations were verified by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), capil- 
lary electrophoresis-sodium dodecyl sulfate (CE-SDS) and size 
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exclusion chromatography-high-performance liquid chromatography 
(SEC-HPLC). Protein concentrations were measured by A280 assay. 


2.7. ELISA binding assay of mAbs to hPD-L1 


ELISA plates (Costar) were coated with hPD-L1-muFc at 2 ug/ml dis- 
solved in buffer (50 mM Na2CO3/NaHCO3; pH 9.6), overnight at 4 °C. 
After the plates were washed three times with PBST (pH 7.4) containing 
0.05% (v/v) Tween-20 and blocked with 3% BSA in PBS for 1 h, the anti- 
bodies B50-6, B60-55, and BII61-62 with serial dilutions were added 
and incubated for 2 h at 37 °C. Binding was detected with the horserad- 
ish peroxidase (HRP)-conjugated goat anti-human IgG (Southern Bio- 
tech), which was developed using tetramethylbenzidine (TMB) 
substrate (eBioscience, San Diego, CA) and stopped by 2 N H2SO,. The 
absorbance at 450-650 nm was detected in a Molecular Devices 
SpectraMax Plus-384 microplate reader. The concentration was deter- 
mined by using SoftMax Pro 5.4 software. 


2.8. Surface plasmon resonance 


Kinetic interactions between PD-L1 and anti-PDL1 antibodies were 
evaluated at 25 °C by surface plasmon resonance (SPR, BlAcore X- 
100), and affinity analysis of the anti-PD-L1 antibodies was performed 
according to manufacturer instructions. Recombinant hPD-L1-hFc pro- 
tein was immobilized on a research-grade CM5 sensor chip by using 
the Amine Coupling kit to get 1000 resonance units. PD-L1 antibodies 
(1.37-1000 nM) were injected over the antigen surface, and the anti- 
body binding kinetic variables, including Kon, Koff, and Kp, were deter- 
mined using the BlAcore Evaluation Software version 3.2. 


2.9. Binding analysis of mAb 


The plasmids pCDNA3.1-hPD-L1-EGFP, pCDNA3.1-hB7H3-EGFP, 
pCDNA3.1-hPD-L2-EGFP, and pCDNA3.1-mPD-L1-EGFP were construct- 
ed and transiently transfected into HEK293 cells separately. The target 
protein, such as hPD-L1, was expressed on the cell surface with simulta- 
neous EGFP expression. Cells were harvested and incubated with anti- 
hPD-L1 mAb (1 pg/ml) or hIgG Fc as a negative control. PE-conjugated 
anti-hlgG Fc (eBioscience) was used as secondary antibody. Data were 
acquired on the Guava EasyCyte 8HT flow cytometer (Millipore) instru- 
ment by using CytoSoft software (version 2.2). 


2.10. Competitive and sandwich ELISA 


ELISA plate (Costar) was coated with hPD-L1 Fc protein (5 ug/ml) 
overnight at 4 °C. After plate washing and blocking as previously de- 
scribed, serially diluted anti-hPD-L1 mAbs were applied to the ELISA 
plate containing hPD-1-hlIgG-biotin (10 g/ml), and incubated for 2 h 
at 37 °C. After washing with PBST, HRP-conjugated Streptavidin (dilu- 
tion 1:1000 in PBST/BSA; Sigma Aldrich) was added and incubated for 
1 h. The following steps are as described in Section 2.7. 


2.11. Mixed lymphocyte reaction 


PBMCs were obtained by Ficoll-Hypaque density gradient centrifuge 
from heparinized peripheral blood samples of the healthy donors. The 
cells were resuspended and cultured for 2 h in 10 cm tissue culture 
plates, in a final volume of 5 ml of RPMI 1640 supplemented with 
2 mM L-glutamine, 100 units/ml penicillin, and 100 ug/ml streptomycin 
(Gibco Invitrogen, Carlsbad, CA). The adherent cells were continued to 
culture in RPMI 1640 medium (Gibco, USA) supplemented with 10% 
heat-inactivated FBS (Gibco, USA) in the presence of GM-CSF 
(250 ng/ml) and IL-4 (100 ng/ml). The cultured medium was 
replenished by half the amount every 2-3 days. On the sixth day, 
50 ng/ml of TNF-a (PrimeGene Bio-Tech, Shanghai) was added to the 
culture medium and incubated for another 24 h to induce cell 


maturation. Mature dendritic cells were harvested, confirmed to be 
HLA-DR positive and PD-L1 positive by flow cytometry (Fig. 4C-D) 
and dispersed in 96 U bottom plate (Costar 3799) at 1 x 10? cells per 
well. CD4 T cells were purified (>95% purity) from allogeneic PBMCs 
by magnetic beads enrichment (CD4* T cell isolation kit, MACS beads; 
Miltenyi Biotec) according to the handbook. The CD4 T cells were 
added to the 96 U bottom hole (Costar 3799) containing DC at 
10-20:1 ratio in the presence of anti-PD-L1 antibody or isotype control 
antibody. The cells were incubated for five days. The supernatant was 
collected, and the levels of IFN-y were evaluated by ELISA kit 
(eBioscience) according to the manufacturer instructions. 


2.12. In vivo studies 


To evaluate the antitumor effect of mAb B50-6 in vivo, a syngenic 
mouse colon cancer model was prepared by inoculating MC38 cells sub- 
cutaneously into the right flank of C57BL/6 mice (6-12 weeks old). An- 
tibodies or isotype control antibody as negative control was 
administered intraperitoneally at the same day of tumor inoculation 
(day 0) and on days 3, 7, and 10. Tumor volumes were measured 
along three orthogonal axes (a, b, and c) and calculated as tumor vol- 
ume = (abc) / 2. 

A xenograft tumor model was established to evaluate B60-55 and 
BII61-62. NOD-SCID mice were inoculated subcutaneously with 
human melanoma cells A375 (5 x 10°) mixed with allogenic PBMCs 
(1 x 10°) on the right flank. The mice were treated intraperitoneally 
with mAb B60-55, mAb BII61-62, or isotype control antibody weekly 
from the day of inoculation (day 0) for a total of 4 doses. Tumor volumes 
were monitored twice weekly as described above. 


2.13. Pharmacokinetics of anti-PD-L1 mAb in cynomolgus macaques 


In a single-dose PK pilot study, cynomolgus monkey (Macaca 
fascicularis) received i.v. injection of anti-PD-L1 mAb B60-55 at 
6 mg/kg. Anti-PD-L1 mAb serum concentrations were determined by 
ELISA with PD-L1 muFc protein as capture antibody and anti-human 
Ig-HRP as detecting antibody. The optical densities (OD) of a set of 
anti-PD-L1 mAb concentration standards were determined and used 
to plot an OD versus concentration standard curve that was analyzed 
by four-parameter curve fit. Anti-PD-L1 mAb serum concentrations 
were calculated from the standard curve by using SOFTmax® PRO soft- 
ware (version 5.4; Molecular Devices). The PK parameters were ana- 
lyzed by using WinNonlin. Anti-drug antibody (ADA) in the serum 
were detected by bridging Elisa with B60-55 mAb as capture Antigen, 
and B60-55-Biotin as detection Antigen. 


2.14. Statistical analysis 


Statistical analyses were performed by using GraphPad Prism ver- 
sion 5.01 software (San Diego, CA). Data are expressed as means + 
SEM of three independent experiments. Two group comparisons were 
performed by using unpaired Student's t-test. Multiple group compari- 
sons were performed by one-way ANOVA followed by Dunnett's t-test. 
The statistical significance level was set as *p < 0.05, **p < 0.01, and 
**p < 0.001. 


3. Results 
3.1. Characterization of anti-PD-L1 mAbs 


Yeast surface display of antibody libraries is an easy and efficient 
way to get novel fully human antibodies, which can be further devel- 
oped into therapeutic reagent and has been increasingly used more re- 
cently [28]. A non-immunized human scFv library was constructed and 
screened with PD-L1 Fc proteins to develop novel mAbs targeting hPD- 
L1 with antagonistic activities for tumor immune therapy. Three novel 
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ScFvs, BII61-62, B60-55, and B50-6, were selected from the library with 
good binding and antagonist properties to PD-L1 antigen, they were fur- 
ther constructed to be expressed as mAbs (mutated IgG1). A series of 
characteristics of the mAbs were evaluated. As shown in Table 1, the 
binding kinetics of BII61-62, B60-55, and B50-6 to PD-L1 were deter- 
mined at 25 °C by SPR technique through flowing antibodies over PD- 
L1 immobilized surface. mAb B60-55 showed the highest affinity with 
the dissociation constant (Kp) of 1.72E—10 (M) compared with mAb 
BII61-62 or mAb B50-6 (Table 1). Therefore, mAb B60-55 was given 
more attention in the following studies. 

mAb B60-55 was purified from the HEK293 cells transient transfec- 
tion culture supernatant by using standard protein A chromatography. 
The protein was in correctly assembled form that was assessed by re- 
ducing and non-reducing SDS-PAGE analyses. In the presence of B- 
mercaptoethanol, the homodimeric B60-55 band was separated as 
heavy chain and light chain that migrated as ~50 kDa and ~25 kDa, re- 
spectively (Fig. 1A, lane 1). Moreover, the purity of the B60-55 protein 
determined by SEC-HPLC or CE exceeds 99% (Fig. 1B and C). These re- 
sults indicated that anti-PD-L1 mAb B60-55 has a good purity and 
integrity. 


3.2. mAb B60-55 binds Specifically to PD-L1. 


To further confirm whether mAb B60-55 bound specifically to hPD- 
L1, ELISA and flow cytometry method were performed. mAb B60-55 ex- 
hibited a strong binding with PD-L1 protein (EC50 = 40.70 ng/ml) by 
ELISA (Fig. 2A). The mean fluorescence intensity (MFI) determined by 
flow cytometry analysis demonstrated that mAb B60-55 could signifi- 
cantly bind to cell-surface-expressed PD-L1 on PD-L1-expressing 
HEK293 cells compared with PD-L1-negative cells (Fig. 2B). Meanwhile, 
mAb B60-55 could not bind to the other proteins in the same family, 
such as B7-H3 or PD-L2, (Fig. 2C and D). In addition, cross reactivity of 
mAb B60-55 to mouse or cynomolgus macaques PD-L1 (cPD-L1) was 
checked. No significant difference was observed between mPD-L1 pos- 
itive cells and negative cells, which indicates that B60-55 had no 
cross-reactive binding to mPD-L1 (Fig. 2E) but had a cross-reactive 
binding to cPD-L1 (Fig. 2F). The original flow cytometry graphs for Fig. 
2B-F were shown in Supplementary Fig. 1. Collectively, the above re- 
sults demonstrated that anti-PD-L1 mAb B60-55 could specifically 
bind to human or cynomolgus macaques PD-L1 with no cross-reactive 
binding to mouse PD-L1. 


3.3. B60-55 mAb competitively bind to PD-L1 with PD1 or CD80 


A potential therapeutic PD-L1 antibody should be an antagonist, 
which can interfere the binding of PD-L1 and PD-1, thus blocking the in- 
hibitory signals for tumor specific CTLs. To evaluate whether mAb B60- 
55 is an antagonistic antibody, we performed ELISA to determine 
whether mAb B60-55 could compete with PD-1 to bind hPD-L1. In the 
data shown in the PD-1/PD-L1 binding system (Fig. 3A), B60-55 showed 
a competitive binding ability with 10 ug/ml PD-1 dose dependently, 
with IC50 around 530 ng/ml; the competitive ability was similar to 
the PD-L1 antibody MEDI4736 (MedImmune) that was developed at 
phase III clinical trial stage [29]. By contrast, because PD-L1 has another 
receptor CD80, their interaction had also been reported to induce inhib- 
itory signals [30,31]. The binding site of PD-L1 to PD-1 or to CD80 is re- 
ported to be non-overlapping. Therefore, B60-55 mAb was further 
evaluated for its ability to block hCD80-PD-L1 binding. It also exhibited 


Table 1 

Kinetic interactions of mAbs with PD-L1 determined by SPR analyses. 
mAbs Kon (1/Ms) Koff (1/s) KD (M) 
B50-6 1.67E+5 1.37E—2 8.19E—8 
BIIG1-62 9.80E+4 4.26E—4 4.35E—9 
B60-55 1.30E +6 2.22E—4 1.72E—10 


strong competitive binding in CD80/PD-L1 interaction (Fig. 3B). These 
results indicated that mAb B60-55 was an antagonistic antibody, 
which holds potential to enhance T cell activity. 


3.4. Activation effects of anti-PD-L1 mAbs on T cells 


To determine whether mAb B60-55 could stimulate T lymphocyte 
activation, PBMCs were isolated from healthy donors and activated by 
anti-CD3 and anti-CD28 in the presence of B60-55 mAb or isotype con- 
trol. The release of IFN-y was remarkably increased in the culture super- 
natant of B60-55-treated PBMCs compared with isotype control-treated 
PBMCs (Fig. 4A). PBMC cell proliferation was also observed to be higher 
in the B60-55-treated group. Studies have reported that anti-PD-L1 an- 
tagonist can efficiently activate CD4* or CD8* T cells to secrete IFN-y 
[32,33]. Besides, no activity was observed for B60-55 on freshly isolated 
PBMC cells in the absence of anti-CD3 (data not shown), which indicate 
that IFN--yupregulation induced by B60-55 is from T cell rather than NK 
cells. 

To confirm the activity of B60-55 in a more physiological setting, a 
mixed lymphocyte reaction (MLR) was used by mixing matured den- 
dritic cells with CD4* T cells from different donor to induce an allogenic 
T cell activation. The PD-L1 and HLA-DR expression on matured dendrit- 
ic cells were as shown in Fig. 4C and Fig. 4D. In this process, serially di- 
luted B60-55mAb or isotype control antibody was added, and the levels 
of IFN-y were analyzed by ELISA after five days. Compared with the cells 
treated with isotype control Ab, B60-55-treated cells showed signifi- 
cantly increased IFN-y levels in a concentration-dependent manner 
(Fig. 4B). These results demonstrated that mAb B60-55 possessed the 
ability to stimulate T cell activation. 

What needed to be noted is that the level of interferon-gamma re- 
lease in the PBMC activation system was found to be significantly higher 
than that released from MLR studies, that is because that PBMC assay 
and MLR study are completely different assay system, the immune acti- 
vation mechanism and activation status are distinct. In the PBMC sys- 
tem, all the T cells were supposed to be activated by the first signal 
(anti-CD3 antibody) together with the second signal (anti-CD28), 
while in the MLR system, the antigen specific response were evoked 
by allogenic antigen from dendritic cells. So the activation levels in the 
MLR system were supposed to be much lower. 


3.5. Anti-PD-L1 mAbs inhibit tumor growth in vivo 


Among the three novel PD-L1 antibodies, B60-55 and BII61-62 did 
not cross-react with mouse PD-L1, while the effect of PD-L1 antagonist 
antibody largely depends on immune activation, thus, to evaluate the 
anti-tumor effect of individual anti-PD-L1 mAbs, we chose a human 
melanoma xenograft mouse model by co-inoculating human melanoma 
A375 cells with allogenic PBMCs into NOD/SCID mice. The A375 xeno- 
graft mouse model was developed according to the in vivo mouse 
models used for MEDI4736 with certain modifications [34]. In this 
mouse model, T cells from PBMCs reacted with the allogenic tumor 
cells and immune responses were induced to attack tumor cells. During 
T cell activation, PD-1 upregulated, while tumor cells were PD-L1 highly 
positive A375 stable cell line and The PD-L1 expression was shown in 
Fig. 5C. Therefore, the PD-L1/PD-1 pathway will inhibit anti-tumor re- 
sponse and provide a window to test the in vivo function of PD-1 or 
PD-L1 antagonist antibodies. Mice were injected s.c. with A375/PBMC 
mixed cells at 5:1 ratio and administered with 100 ul of Abs at 
3 mg/kg intraperitoneally on the same day. The Abs include anti-PD- 
L1 mAbs, isotype control Ab, or MEDI4736 as the positive control. This 
administration was repeated administered once weekly until day 28 
of the study. As shown in Fig. 5A, compared with animals in control 
group, BII61-62 or B60-55 treatment significantly inhibited tumor 
growth which is even better than MEDI4736 (P < 0.05). 

Since B50-6 mAb can cross-react with mouse PD-L1 and has overlap 
epitope as B60-55, it is used as a surrogate molecule in mouse syngenic 
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Fig. 1. Analysis of the mAb B60-55 purified from HEK293 cells. (A) SDS-PAGE of purified protein. Lane 1 was loaded with reducing mAb B60-55; Lane 2 was loaded with protein ladder; 
Lane 3 showed BSA sample. One micrograms of total protein was loaded per lane. The samples were separated by using 10% gradient PAGE gels and stained with Coomassie Blue. 
(B) Analysis of purified mAb B60-55 at 1 mg/ml by SEC-HPLC. (C) The mAb B60-55 was analyzed by using reducing CE-SDS. 


model for B60-55. To evaluate the in vivo antitumor effect of B50-6 
mAbs, we used a colon carcinoma syngenic mouse model. C57BL/6 
mice were inoculated s.c. with MC38 cells which naturally expressing 
PDL-1 on the surface (data not shown) on day 0 and subsequently 
injected i.p. with 100 ul of mAb B50-6 (10 mg/kg) or isotype ctrl Ab 
on days 0, 3, 7, and 10. The tumor growth was significantly inhibited 
in B50-6 mAb-treated group compared with the isotype control- 
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treated group (Fig. 5B). Collectively, these results indicated that mAb 
BII61-62, B60-55, and B50-6 possess good antitumor activity in vivo. 


3.6. Pharmacokinetics of B60-55 mAb in cynomolgus monkey 


A pilot PK study was performed by single i.v. administration of B60- 
55 mAb to cynomolgus monkey (n = 1) at 6 mg/kg. The monkey well 
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Fig. 2. Specific binding of mAb B60-55 for human or cynomolgus PD-L1. (A) Binding activity of mAb B60-55 to hPD-L1 protein by ELISA. (B-F) The binding of mAb B60-55 to hPD-L1 (B), 
hB7H3 (C), and hPD-L2 (D), mPD-L1 (E), cPD-L1(F) protein expressing in HEK293 cells compared with HEK293 cell not express certain proteins; The data shown as statistical analysis of 
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tolerated the treatment and had no effects on its body weight or clinical 
observations. Mean concentrations declined in a multiphasic manner 
from Cmax, Which was observed within 0.5 h at the dose. Serum PK pa- 
rameter estimates are shown in Table 2. Mean apparent terminal elim- 
ination half-life estimates for cynomolgus monkey at 6 mg/kg was 
177.9 h. B60-55 in the serum are undetectable after day 17 strongly in- 
dicate the induction of ADA, which had substantial impact on PK assess- 
ment [i.e., mean retention time (MRT), total clearance (CLT), and steady 
state volume of distribution (V,,)]. The ADA assay show that the Anti- 
B60-55 antibodies are detectable by the day 24 (Fig. 6B), These charac- 
ters are similar to other late stage PD-1 or PD-L1 antagonist antibodies, 
to some extent owing to their immune activation properties, for exam- 
ple, 78% of cynomolgus monkey were ADA positive after a single dose of 
nivolumab injection (BMS, anti-PD-1) as indicated in the pharmacology 
review of FDA application file package. Generally, B60-55 mAb had a rel- 
atively slow clearance with limited extra vascular distribution. 


4. Discussion 


Inhibitory T cell signaling restricts the ability of a host to generate 
productive immune responses against cancer [35]. One of the 
costimulatory ligand, PD-L1, has been identified as a negative regulator 
of antitumor T cell-mediated immunity [36]. PD-L1 is commonly upreg- 
ulated in many different types of tumor cells and tumor infiltrating lym- 
phocytes; it creates an important rationale for antibody blockade of this 


pathway for cancer immunotherapy, as validated by multiple murine 
tumor studies, as well as clinical studies [37,38]. 

Currently, mAbs have proven their usefulness for a wide spectrum of 
research, diagnostic, and therapeutic applications [39]. In the present 
study, we have isolated a panel of fully human anti-PD-L1 antibodies 
(BII61-62, B60-55, and B50-6) by yeast surface display and selected 
mAb B60-55 that bind to cell-surface-expressed PD-L1 with high affini- 
ty. It specifically binds to hPD-L1 or cynomolgus macaques PD-L1. B60- 
55 cannot cross react with murine PD-L1. However, competitive ELISA 
demonstrated that B60-55 can block the interaction between PD-L1 
and both of the known cognate receptors (PD1 or CD80). In addition, 
it is an IgG1 isotype mAb, but the potential for Fc-mediated effector 
function was removed from B60-55 by engineering the constant do- 
main to include 3 point mutations which is identical to the Fc mutations 
in the MEDI4736, in which the ADCC and CDC activity have been con- 
firmed to be depleted [34]. Therefore, B60-55 was an antagonistic 
mAb without antibody-dependent cell-mediated cytotoxicity (ADCC) 
and complement dependent cytotoxicity (CDC) that had a potential to 
be therapeutic antibody drugs for cancer treatment. 

Recent study demonstrated that PD-L1 on APCs is a critical negative 
regulator of CD4* T cell responses [40,41]. To test whether this inhibi- 
tion that resulted in antagonism of PD-L1 function, PBMC activation 
and MLR assays were conducted. B60-55 could overcome the inhibitory 
effects of PD-L1 and promote IFN-y production during the activation of 
naive CD4* T cells in the reaction with PD-L1 positive allogenic mature 


ce parameter estimates for B60-55 following single i.v. administration to Cyno monkey. 
Gender Dose ti2 Tiss Crise AUC (0-4) AUC (0-0) Vss CLTs MRT 0-0) 
mg/kg (h) (h) (ug/ml) (ug/ml «h) (ug/ml«h) (ml/kg) (ml/h/kg) (h) 
Male 6 177.9 0 220.1 13,162.4 26,209.6 58.7 0.2 70.1 


Abbreviations: CLT, total clearance; MRT, mean retention time; Vss, steady state volume of distribution. 
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Fig. 6. Preliminary PK study in cynomolgus monkey. (A) The B60-55 mAb serum concentration versus time profiles for 6 mg/kg doses in one male cynomolgus monkey. (B) The Anti-B60- 
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dendritic cells. Therefore, the antagonistic activity of B60-55 during T 
cell activation was proved in vitro. 

To evaluate the therapeutic effects of the three anti-PD-L1 mAb 
BII61-62, B60-55, and B50-6 against tumor growth in vivo, we generat- 
ed two murine tumor models. These models include a human A375/ 
PBMC mixed-cell-derived NOD/SCID mouse model to evaluate mAb 
BII61-62 and B60-55, both of them did not cross-react with mouse 
PD-L1; the other one was MC38-derived C57BL/6 mouse model to eval- 
uate mAb B50-6. In this study, we investigated the roles of mAb BII61- 
62, B60-55, and B50-6 in inhibiting tumor growth by using these 
models. The mAb BII61-62 or B60-55 showed significant suppression 
of tumor volume on day 42 after A375/PBMC mixed cell inoculation in 
NOD/SCID mice. In MC38-derived tumor model, mAb B50-6 was admin- 
istered into mice with a dose of 10 mg/kg, 43 days after MC38 cell inoc- 
ulation, and the tumor growth was efficiently inhibited in C57BL/6 mice. 
A prospected sensitive dose of Abs was used in each model according to 
the properties of the models. Moreover, the mice treated with the anti- 
bodies did not show any obvious side effects. In addition, the pilot PK 
data in cynomolgus macaques provided a favorable preclinical charac- 
terization of B60-55 for future human clinical trials in cancer therapy. 
Even though ADA is observed in a single dose cynomolgus monkey PK 
study, this does not indicate such an antibody will not have good perfor- 
mance in a potential multi-dose therapeutic use. On one hand, the per- 
formance of a drug in non-human primate can't be directly transfer to 
human. On the other hand, Our antibody is a fully human antibody, 
the immunogenicity is different between monkey and human. So 
what the performance in human will be need to be further investigated 
in clinical trials. 

Collectively, our results demonstrated that the ability of anti-PD-L1 
mAb to inhibit the immunosuppressive effects of PD-L1 resulted in the 
increased tumor cell elimination by T cells and that B60-55 can be fur- 
ther developed for cancer treatment. 

In conclusion, the anti-PD-L1 mAb immunotherapeutic abrogation 
of the PD-1/PD-L1 pathway can profoundly reverse immune inhibition 
and permit T cell effector function against a various cancers. Our preclin- 
ical data showed that mAb B60-55 could specifically bind to hPD-L1 
with a relatively high affinity and exhibited effective anti-tumor activi- 
ty. However, the mechanisms of action of this molecular axis need fur- 
ther investigation. The occurrence of T cell exhaustion and deletion 
and the precise role of PD-1 in the differentiation of this CD4* or 
CD8* T cell subset are still unclear. The role of PD-L1 in CD4* T cells 
also remains largely undefined. PD-1/PD-L1 interactions may synergize 
with other inhibitory pathways to regulate the induction and/or main- 
tenance of peripheral T cell tolerance. Combined treatment with other 
immune regulators or bispecific antibodies has greater potential for 
cancer treatment. Thus, mAb B60-55 may be developed as therapeutic 
agent for various tumors. B60-55 can be used as a single agent or in 
combination with other immunoregulators for more effective antican- 
cer therapy. 
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